ross fetal cerebral ventriculomegaly has previously been associated with serious neurodevelopmental difficulties, but the clinical significance of mild isolated ventriculomegaly has been less clear. [1] [2] [3] [4] [5] [6] Moderate to severe congenital ventriculomegaly has been found in children with such varied serious brain abnormalities as progressive hydrocephalus, hypoplasia, agenesis of the corpus callosum, trisomy 21, neural tube defects, microcephaly, and extracranial abnormalities. 7 Thus, neuropsychological dysfunction with severe ventriculomegaly is well established and was specifically documented in a study in which 11 children were followed to 54 months. These children were found to have lower full-scale, verbal, and performance IQ scores on the revised Wechsler John D. Ball, PhD, Alfred Z. Abuhamad, MD, Janelle L. Mason, PhD, Jessica Burket, BS, Elionora Katz, MD, Stephen I. Deutsch, MD, PhD Received March 26, 2013, from the Departments of Psychiatry and Behavioral Sciences (J.D.B., J.L.M., J.B., E.K., S.I.D.) and Obstetrics and Gynecology (A.Z.A.) Results-In this small group, other risk factors for neurodevelopmental disorders were often present, including preterm birth, perinatal hypoxia, and a family history of psychiatric disease or substance abuse. Within this sample, the proportion of children with a pattern of test results showing poorer nonverbal intelligence than verbal intelligence scores and poorer math than reading performance, as well as meeting criteria for a diagnosis of attention deficit/hyperactivity disorder, was higher than the basal rates of these problems among children in general.
Preschool and Primary Scale of Intelligence, 8 with a fullscale IQ score of 71.9 compared to a control group mean of 87.6. 9 However, there have been only nominal data regarding the neuropsychological effects of mild isolated ventriculomegaly, with an incidence of only 0.2% to 0.7% of all pregnancies.
Typically, mild isolated ventriculomegaly is operationally defined on fetal sonography by measurements of the transverse diameter of the atria of the lateral ventricles of greater than 10 and less than 13 mm, with 7.6 mm representing the mean width through 14 to 38 weeks' gestation. 3, 7 Mildly enlarged and asymmetric lateral ventricles on fetal sonography have been found to persist on magnetic resonance imaging (MRI) scans performed at older than 6 years. 4 A possible association of mild isolated ventriculomegaly with attention deficit/hyperactivity disorder (ADHD), learning disability (LD), motor and language delays, and autism was suggested in a case series of 5 children (2 were twins) aged 4 to 9 years with mild isolated ventriculomegaly. 4 In this case series, diverse IQ scores ranging from 65 to 106 (Wechsler Intelligence Scale for Children, Third Edition 10 ), wide-ranging continuous performance or attention/impulsivity scores (Gordon Diagnostic System 11 ), and variable performance of visual motor speed and proficiency (Developmental Test of Visual Motor Integration 12 and Trail-Making Tests A and B 13 ) were reported; also, nearly all of the children showed slow fine-motor finger-tapping speed bilaterally. 4 In a blinded controlled comparison, the neurodevelopmental outcomes of 22 children younger than 2 years with antepartum sonographic evidence of mild isolated ventriculomegaly and 22 matched children without mild isolated ventriculomegaly were studied using the Bayley Scales of Infant Development. 2, 14 With this instrument, 8 of the 22 children with mild isolated ventriculomegaly were delayed on the mental development index compared to only 1 of the 22 controls without mild isolated ventriculomegaly (P = .021). Moreover, the mean scores of the children in the mild isolated ventriculomegaly group were significantly lower on both the Bayley mental development and psychomotor development indices than the comparison group. 2 In another controlled neuro developmental follow-up study of children with both fetal sonographic and MRI evidence of mild isolated ventriculo megaly, including unilateral and bilateral enlargement, whose ages ranged between 3.08 and 5.96 years (median, 4.4 years), the children with bilateral ventriculomegaly (n = 12) performed significantly more poorly than a group of 16 matched children attending a regular kindergarten class on the achievement score of the Kaufman Assessment Battery for Children and a "working memory index." 15, 16 The data are provocative, but the differences appeared to be due to a subgroup of 7 of the 12 children with bilateral ventriculomegaly whose ventricular diameters were greater than 12 mm. Although significant differences did not emerge for most of the outcome measures, overall, the children with bilateral ventriculomegaly had lower scores than the children in both control groups, suggesting that mild isolated ventriculomegaly can contribute to subtle cognitive deficits that could be relevant to at least some aspects of school performance. 15 We report neuropsychological data on a group of 9 children tested at least 6 years after mild isolated ventriculomegaly was detected sonographically during pregnancy.
Materials and Methods
Following approval from the Eastern Virginia Medical School Institutional Review Board, 250 sonographic examinations with fetal central nervous system anomalies performed from 2000 through 2006 were reviewed. A subgroup (n = 52) with mild isolated ventriculomegaly without ventricular asymmetry was identified. A specialist in fetal sonography (A.Z.A.) rereviewed these sonograms to attest that all met criteria for mild isolated ventriculomegaly, defined by a sonographic measurement of the fetal lateral ventricle at the level of the atrium in axial views of the head of greater than 10 mm and 13 mm or less in the absence of any other brain or cranial abnormality; if present, asymmetry was defined as a difference between the two hemispheres of greater than 2.4 mm (2 SDs from the established mean atrial ventricular diameter). Once these children reached 6 years or older, we attempted to contact parents by phoning them. If parents could be reached by phone, we read a verbatim transcript in which the nature and purpose of the study were explained and offered travel and time compensation of $50 to undergo a clinical interview and survey completion (parents) and brief neuropsychological testing (children) within a single half day within the Eastern Virginia Medical School Neuro psychology Program. Of 52 prospective participants, 21 (40%) had working phone numbers and could be contacted, from which 9 (43%) agreed to undergo data collection. One parent reported that the child who had received the fetal sonogram was deceased.
All 9 participating parents signed informed consent; children 8 years and older gave formal written assent, whereas children 6 to 7 years gave informal verbal assent. Nine children completed neuropsychological testing administered by master's level graduate students and psy-chometricians under the supervision of a postdoctorally trained neuropsychologist (J.D.B.). The neuropsychological tests included the Wechsler Abbreviated Scales of Intelligence; 17 Beery-Buktenica Developmental Test of Visual Motor Integration, Fifth Edition; 18 Wide Range Achievement Test, Fourth Edition; 19 and Integrated Visual and Auditory Continuous Performance Test. 20 Nine parents completed a study-specific Child Background Questionnaire, the Conners 3 Parent Short Form, 21 and the Personality Inventory for Children, Second Edition, 22 and were interviewed using the Structured Interview for the Diagnostic and Statistical Manual of Mental Disorders, Third Edition. 23 This process of parent data collection was intended to help identify children who might have other neurodevelopmental risk factors in their family history or prenatal or perinatal birth factors, but more specific data regarding details of these additional risk factors were not always provided us. All parents then received a written report summarizing neuropsychological and other test findings for their offspring. Table 1 presents summary demographic information, data regarding additional neurodevelopmental risk factors, neuropsychological test findings, and clinical diagnostic conclusions for these 9 cases. Participants ranged in age from 6 to 9 years (mean, 7 years); there were 5 girls and 4 boys. Wechsler Abbreviated Scales of Intelligence full-scale IQ scores (standard scores with a mean of 100 and an SD of 15) ranged widely from 79 to 122. Three lower-functioning children with evident LDs showed stronger verbal than nonverbal intelligence skills (with standard score differences >12 points), whereas only 1 very highly functioning child without an evident LD showed nonverbal intelligence stronger than verbal intelligence by 22 points. Four children showed stronger Wide Range Achievement Test reading than math scores (with standard score differences >12 points), whereas only 1 showed math better than reading scores to this degree. Three children showed a pattern of both relative nonverbal intellectual difficulty and poor math skills, visual motor skills, or both, suggestive of a pattern of nonverbal learning disability (NLD), whereas no participants had the subtype characterized by both relatively weak verbal intelligence and poor phonetic reading or spelling, suggestive of a pattern of verbal learning disability. 24 The percentage of children with mild isolated ventriculomegaly (33% [3 of 9] ) and a pattern suggestive of possible NLD was higher than thought to be typical in the general population (4%-5%).
Results
Four children (44%) in this study met criteria for ADHD, based on a combination of deficient summary scores on continuous performance testing and high elevations of hallmark behavioral symptoms of ADHD on the Conners 3 parent-completed rating scale (in one instance, a child's hyperactivity and inattentiveness were deemed to be so extreme that they were judged to be responsible for the child's having given random responses to the Integrated Visual and Auditory Continuous Performance Test and invalidating the instrument). Again, the 44% prevalence of ADHD within this group was substantially higher than would be likely in the general population (7%-8%). 25 
Discussion
The prenatal workup of a pregnancy with fetal mild isolated ventriculomegaly is complex and includes targeted sonography to rule out other intracranial or extracranial fetal congenital abnormalities, fetal karyotypic analysis for its association with chromosomal abnormalities such as Down syndrome, maternal TORCH titers (toxoplasmosis, rubella, cytomegalovirus, herpes simplex virus 2, and other infections), looking for infectious etiologies (primarily cytomegalovirus), and possibly MRI to assess for cerebral cortical lesions. The prenatal counseling of pregnant women with fetal mild isolated ventriculomegaly is challenging in many respects, as our ability to rule out associated abnormalities is limited, especially in the late second trimester of pregnancy, and the long-term outcome of this malformation is still somewhat unclear despite an abundance of literature on the subject.
Several studies that looked at the short-and mediumterm outcomes of fetuses with mild isolated ventriculomegaly noted overall favorable neurologic development when compared to expected population norms. 2, [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] The studies, however, used different modalities of neurologic follow-up, and a formal assessment of cognitive and motor development was used very infrequently and not in the systematic and comprehensive way that was performed in our study. Furthermore, the duration of follow-up in the published literature varied considerably in the range between 6 and 72 months. Very rare cases were followed for durations beyond the fourth year of life. Our study contributes relevant data on this subject, as it provides long-term follow-up of children older than 6 years with confirmed mild isolated ventriculomegaly as fetuses, who were evaluated with comprehensive cognitive testing.
Our study had various limitations in that we did not use a control group, and of our original target group (52 fetuses), only 9 families could be reached and recruited to participate. In addition, there were often neurodevelopmental risk factors beyond mild isolated ventriculomegaly within this sample, which may have had direct relevance for the children's school-aged neuropsychological functioning. Despite these limitations, our results are important because long-term school-aged follow-up with extensive neuropsychological testing is difficult to acquire and rare for children with well-documented mild isolated ventriculomegaly. Although the presence of additional neurodevelopmental risk factors is an important confounder to making direct interpretations about the relationship between mild isolated ventriculomegaly and subsequent functioning, many children with neurodevelopmental problems have complex polydetermined etiologic risk factors, and we were at least able to name these in our sample. We believe that our data are important in that they reflect neuropsychological findings particularly suggestive of NLD and ADHD, signaling a clear need for further investigation of a possible link between mild isolated ventriculomegaly and these conditions. Importantly, in at least some cases, fetal sonography may miss other examples of fetal brain abnormalities that may be detected with subsequent MRI of the fetus. 37 A "fast" MRI technique that avoids maternal and fetal motion artifacts and eliminates the need for sedation has made it possible to evaluate fetal anatomy and provide additional information when central nervous system abnormalities are suspected on sonography. 38 Follow-up prenatal fast MRI of fetal sonographic evidence of mild ventriculomegaly led to additional diagnoses, including partial and complete agenesis of the corpus callosum, porencephaly, hemorrhage, and cerebellar hypoplasia, in 3 of 22 cases; clearly, these latter abnormalities that were undetected on sonography are likely to have substantial effects on neurodevelopment that may interact with or occur independently of the ventriculomegaly. 37 For example, in 85% of cases, agenesis of the corpus callosum as an isolated finding has a good prognosis. Also, migrational disorders associated with mild ventriculomegaly would be too subtle to be detected on fetal sonography. With that said, evidence suggests that the presence of dedicated neurosonography in an ultrasound unit is associated with high sensitivity and specificity for the detection of fetal central nervous system abnormalities compared to MRI. 38, 39 In a study comparing dedicated neurosonography with MRI for detection of fetal central nervous system abnormalities, dedicated neurosonography was associated with higher sensitivity, specificity, and positive and negative predictive values. 38 Furthermore, the mean gestational age for detection of fetal abnormalities by MRI was 30.2 weeks. One of the limitations of this study is that it did not include fetal cases of malformations of cortical development. 38 Fetal functional MRI, a promising evolving technique, can provide valuable additional information by assessing cortical development to complement already existing methods, such as neurosonography and structural MRI. 39, 40 Clearly, there remains a need for more research with larger samples, control groups, and high-end imaging (dedicated neurosonographic and MRI) data, along with maternal and perinatal histories of physical, social, and psychological harms, including maternal substance abuse, to better understand the roles of various other neuropsychological risk factors. There is also a need to better understand whether there are different profiles of neuropsychological dysfunction among children with and without asymmetry of the lateral ventricles and mild isolated ventriculomegaly; no child in this study showed asymmetry. Of course, the long-term neurodevelopmental consequences of mild isolated ventriculomegaly, even for these 9 cases, also remain unknown and warrant further follow-up studies. However, because outcome data on mild isolated ventriculomegaly are difficult to obtain, we believe that these 9 cases provide useful guidance for clinical care, especially the need for neuropsychological evaluation in childhood in some instances (eg, poor school performance).
